The aim of the study was to analyze the productivity change of Estonian dairy farms before and after the accession to the European Union. The Malmquist productivity index was measured and separated into the technical and efficiency change using the data envelopment analysis for the pre-accession period (years 2001-2003) and the post-accession period (2004)(2005)(2006). Second-stage regression was applied to estimate the possible variables determining the productivity and efficiency change. Productivity growth of Estonian dairy farms was negative for both observed periods; the mean annual growth rate of the Malmquist productivity index was -0.7% in 2001-2003 and -2.6% in 2004-2006. The share of farms with declining productivity increased from 36% to 50% after the accession to the EU and is induced mainly by a significant deterioration in the efficiency change. remarkable changes in the line-up of most efficient dairy farms occurred between 2000 and 2006, producers with greater initial efficiency have experienced significant regress, with efficiency score decreasing from 0.842 in 2000 to 0.608 in 2006 and the new front-runners, forming the efficiency frontier, have emerged. capitalization was positively related with the cumulative technical change. nevertheless, increasing investments and assets have not affected efficiency change and investments have often not been harnessed in the best possible way.
Agriculture in the central and Eastern European countries (cEEc) has undergone rapid changes during the last two decades. Several studies have analyzed farm productivity and efficiency in the cEEcs (i.e. Mathijs and Swinnen 2001; Mathijs and Vranken 2001; Brümmer et al. 2002; gorton and Davidova 2004; Latruffe et al. 2005 Latruffe et al. , 2008 , but an analysis of the Baltic countries is still rare (Vasiliev et al. 2008; Luik et al. 2009 ). The previous studies mainly cover the period prior to the accession to the European Union (EU). Since Estonia became a full member of the EU in 2004, the process of transition from the ultra-liberal economic policy of the 1990s to the EU common Agricultural Policy (cAP) has been ongoing. The changes in the productivity and efficiency of farming before and after the accession have not been analyzed. There are only a few studies available that describe the effects of the accession to the EU on the overall economic characteristics of farms or on the macro-economic aspects in the cEEcs (Matejkova et al. 2008; Foltyn et al. 2009 ). The accession to the EU has increased agricultural income in the new member states (Swinnen and Vranken 2005) , but how it has altered productivity, is unknown.
Dairy farming has a key role in European agriculture and also in Estonia, since milk production makes the highest contribution to the Estonia's total agricultural output (29% in 2004-2006) . The dairy farming leading role in Estonia's agriculture remained after the independence was regained in 1991, although milk production decreased to 50% of the previous level (Astover et al. 2006) . Estonia changed from being a net exporter to a net importer of most major agricultural products over a short period of time (Yao 2005) , although the milk sector is still an exception -the national self-sufficiency in milk and milk products is still about 130-140%. Sustainability of dairy farming must be estimated in the context of ecological, social and economic aspects. Therefore, the up-to-date information on farming productivity and efficiency is important at various scales (from the micro-economic to the EU's agro-environmental policy). Boussemart et al. (2006) studied the economies of scale for the years 2000-2003, but no other Productivity of Estonian dairy farms decline after the accession to the European Union comparative econometric analysis for Estonian dairy farms has been available.
The aim of the current study was to assess the Malmquist productivity index and its components of technical and efficiency change in Estonian specialized dairy farms before and after the accession to the EU. The time horizon [2001] [2002] [2003] [2004] [2005] [2006] was divided into the pre-accession period (years 2001-2003) and the post-accession period (2004) (2005) (2006) . Second-stage regression was applied to estimate the possible variables determining the productivity and efficiency change in Estonian dairy farms.
MATERIAL AND METHODS

Malmquist productivity index
For estimating the productivity change in Estonian dairy farms, the Malmquist productivity index (MPi) was measured using the data envelopment analysis (DEA). The MPi was first introduced by caves et al. (1982) defined in terms of distance functions. Färe et al. (1992) integrated the MPi evaluation to the DEA framework. The MPi does not require input prices or output prices, which makes it particularly useful in situations where prices are misrepresented or non-existent.
The MPi measures the productivity change between two data points by calculating the ratio of the distances of each data point relative to a common technology. Following Färe et al. (1994) , the output-orientated MPi between period t and period t + 1 is given by
where the notation d o represents the distance function and the value of M o is the MPi. The first ratio represents the period t index. it measures the productivity change from period t to period (t + 1) using the period t technology as a benchmark. The second ratio is the period (t + 1) index and measures productivity change from period t to period (t + 1) using period (t + 1) technology as a benchmark. A value of M o greater than one (i.e. M o > 1) denotes productivity growth, while a value less than one (M o < 1) indicates productivity decline, and M o = 1 corresponds to stagnation.
The output-based MPi between time periods t and (t + 1) can be separated into two components, efficiency change (Effch) and technical change (Techch), as follows: 
The Effch shows how much closer (or farther away) a farm gets to the frontier made up of the 'best practice' farms and measures the change in the ability to make the best use of the available technology. on the other hand, the Techch component measures the shift in the frontier over time and refers to an improvement or worsening of the state of technology. it can be interpreted as providing evidence of innovation for the farm considered.
Bootstrapping one of the main drawbacks of the DEA is that its results may be affected by the sampling variation meaning that distances to the frontier are likely to be underestimated if the best performers in the population are not included in the sample. in order to assess the sampling variability of the results, confidence intervals were constructed using the homogenous bootstrap procedure Wilson 1998, 2000) . The bandwidth parameter was chosen according to the normal rule: 2000 bootstrap iterations were performed and the 95% confidence intervals (ci 95% ) were constructed. Bootstrapping for the DEA scores with farming datasets have previously been used in several studies (Brümmer 2001; hansson 2007; odeck 2009) and they conclude that the discovered differences based on the conventional DEA methods without bootstrapping may not be significant. The basic idea of the bootstrap method is that if the data are viewed as a set of random draws from an underlying population, random draws from the sample are also random draws from the population. Therefore, the known bootstrap distribution will mimic the original unknown distribution if the known data generating process is a consistent estimator of the unknown data generating process. After many simulations, a distribution of efficiency scores is obtained and represents an estimate of the true distribution. Based on the lower and upper bounds of the confidence intervals derived with bootstrapping, farms were grouped into three classes: (1) decline (upper ci 95% < 1), (2) stagnation (lower or upper ci 95% covers 1), and (3) growth (lower ci 95% > 1). Differences in the distribution of farms between the given classes before and after the accession to the EU were estimated with χ 2 -test.
Second-stage regression
The dependent variables applied in the ordinary least square (oLS) regression were the cumulative Malmquist indices. The cumulative MPi was calculated as follows:
where M oc is the cumulative MPi, M oi is the MPi in a certain year and i denotes the total time period (years 2001-2006) . cumulative efficiency and technical change values were calculated with a similar approach. The selection of independent variables for the second-stage regression was limited by the data availability and therefore mainly the farm internal factors were included: the initial DEA score, livestock units (LU) as a size variable, the land and LU ratio as the land use intensity variable, the total assets and the LU ratio as the capital intensity variable, the LU and annual working unit ratio as the labour use efficiency variable, the intermediate consumption and LU ratio as the variable cost indicator, and the annual milk yield per cow.
Data
An output-oriented model with a single output but multiple inputs was applied using the Farm Accountancy Data network (FADn). The rural Economy research centre is responsible for the FADn survey in Estonia. Dairy farms, where livestock production contributed more than 50% to the farm's total output, were selected for the FADn database (according to the FADn typology). The study used panel data on 63 such units for the period 2000-2006. conditionally for the Malmquist index, time scale was divided into the pre-accession period (years 2001-2003) and the post-accession period (years 2004-2006) .
The output factor in the output-oriented DEA model was the total output in Estonian crowns (EEK). Four factors were included as inputs: labour in the form of annual work units (AWU), dairy cows and other cattle in the form of livestock units (LU), capital in the form of the value (EEK) of the total assets, and a variable factor in the form of the value (EEK) of 6, but the growth of the total output has been lower (by a factor of 1.9).
RESULTS AND DISCUSSION
Productivity growth was negative for both periods and the decline was even larger after the accession to the EU (Table 2) (Table 1) . comparative studies about farm productivity changes in the transition period to the EU membership are still rare and Bielik et al. (2010) found no clear trend in the MPi change for the Trnava region in Slovakia in [2002] [2003] [2004] [2005] [2006] . We found narrow confidence intervals for the MPi (mean width 0.07-0.09) compared to 0.48 reported by Balcombe et al. (2008) for Polish agriculture and compared to 0.22 found by olson and Vu (2009) for farms in the USA. The confidence intervals were remarkably larger for the Effch and the Techch than for the MPi. A similar tendency is found also by olson and Vu (2009). A conclusion based purely on mean estimates may still be biased. consideration of the confidence intervals reveals that in the case of all three presented indices, regress, stagnation or progress is possible for both periods. The previous studies have also highlighted that the differences found without bootstrapping may be non-significant (Brümmer 2001; hansson 2007; Latruffe et al. 2008; olson and Vu 2009) . confidence intervals derived with bootstrapping give the statistical evidence if the farm productivity indexes are significantly different from unity and make it possible to determine the actual decline or growth for each single farm. This information can not be gleaned from the aggregated data with the mean values for all farms (Table 2) .
To make more reliable conclusions about the productivity change, we grouped the studied Estonian dairy farms according to confidence intervals as (i) declining, (ii) stagnating, and (iii) growing. Farms whose 95% confidence interval included unity were classified as being in stagnation. Distribution of farms according to the MPi and the Effch for the pre-and post-accession periods was significantly different (Table 3 ). The share of farms with the productivity decline has increased from 36% to 50% in transition to the EU membership. This is induced mainly by a significant deterioration in the Effch. only less than 1/3 of dairy farms experienced efficiency growth and their proportion decreased in the post-accession period. Most of the farms have stagnated in the Techch and differences between the compared periods have been insignificant.
Determinants of productivity change
To interpret the possible determinants of changes in the MPi and its components, we used cumulative indices (i) for grouping the dataset and (ii) for ap- Table 3 . Farm distribution (%) according to productivity change before and after accession to the EU (Table 4) . innovators had the lowest initial DEA efficiency score and the highest score in 2006. This result is supported by the regression analysis -the initial efficiency score had a significant negative impact on the cumulative MPi and the efficiency change (Table 5) .
A remarkable shift in the ranking of efficient dairy farms has happened in 2000-2006. Producers with a greater initial efficiency have undergone a significant regress and new "front-runners" have emerged. odeck (2009) also found the correlation between the initial efficiency and the Malmquist index for norwegian cereal growers, but with a reverse relation. Estonian dairy farms with the highest cumulative MPi had the fastest growth in milk yield per cow. Milk yield is the most frequently used indicator for dairy farms and it faithfully reflects the changes in farm productivity (hansson 2007; Moreira et al. 2010) . Milk yield had a significant positive relation with all three cumulative indices. Effective use of labour, expressed in livestock units per annual working unit, has been the second important success factor for the productivity and efficiency change. A frequently debated question in agricultural economics is optimal farm size. Most of studies reveal that it is not possible to determine the optimal farm size purely based on the efficiency and productivity indices since efficiently operating farms may range widely in size (Førsund and hjalmarsson 2004; Vasiliev et al. 2008 ). in the current study, the innovators group had the largest herd (farm) size and the most efficient land use, but according to regression estimates both these factors were insignificant. capitalization (assets per livestock units) was positively related with the cumulative technical change. This is a logical result since investments to assets are expected to promote technological advancement. nevertheless, increasing investments and assets have not improved the MPi and efficiency change. our result is supported by the study by Bielik et al. (2010) for Trnava region (Slovakia), where an increase in investments, a slight improvement in technical change (1.002) and a regress in efficiency change (0.994) were found after the accession to the EU. The rapid increase in investments was fostered already by the support schemes (SAPArD program) in the pre-accession period and continued after the accession to the EU. The tendency that a fast increase in investments is not followed by the efficiency improvement has also been evident for Estonian cereal farms (Vasiliev et al. 2008) . Latruffe et al. (2005) , using the example of Polish farms, argued that subsidized investments might stimulate purchase of technology irrespective of farm size. it is possible to conclude that investments to Estonian dairy farms have often not been harnessed in the best possible way. The benefits from investments may emerge with a certain time lag, so analysis over a longer time period is needed in order to make more profound conclusions. The dynamic DEA model proposed by Färe and grosskopf (1996) may provide new insights for further analysis. Low and negative impact of assets to the productivity and efficiency change may be due to the unbalanced (one-sided) investments and management decisions. investments in Estonian dairy farms have been made mainly to the animal buildings and machinery, but the progress in capital assets are probably not supported by the farm operational decisions (feeding, grassland fertilization, etc.). Productivity of grasslands is for example very low in Estonia due to an insufficient fertilization (roostalu et al. 2001 ).
in the current study, farm sub-grouping according to the cumulative MPi (Table 4) shows that farms with higher investments formed the group of the frontrunners (highest MPi growth and highest efficiency score in final year). This conclusion is not apparent from regression analysis, which captures the general trend and does not reveal shifts between farms. The question of possible over-investments to farms in transition countries clearly needs a further study.
CONCLUSIONS
We detected a regress in productivity change of Estonian dairy farms in the studied period and the decline was greater after the accession to the EU. The share of farms with productivity decline has increased up to 50%. This was induced mainly by a significant deterioration in the efficiency component. increased capitalization was not followed by the improvement in the MPi and the Techch, which indicates that the investments have often not been used in the optimal way. A significant change in the group of farms forming the efficiency frontier has taken place during the transition to the EU membership. The farms with the highest cumulative MPi change had a lower initial efficiency score and the highest final year value. The initially efficient producers have undergone the opposite trend. Thus there have been structural changes in Estonian dairy farming and the new front-runners have emerged. The improvement in the milk yield, the efficient labour use, the high capitalization and investments were significant characteristics of the front-runners. Despite the mean negative trends in the MPi there have been very diverse changes on the farm level and only a minority showed good adoption ability in the transition period to the EU membership.
